Many histochemical studies on the mammalian cerebellar cortex indicate that acetylcholinesterase (AChE) activity is concentrated mainly in the granular layer, corresponding to the location of the cerebellar glomeruli, and that the molecular layer is weakly and diffusely stained [2, 8, 15, 18, 20] . It is reported that the molecular layer of the lurcher mutant mice had a higher activity for AChE than that of a normal litter, and it may be due to aberrant granule cells [23] . However, several histochemical studies in the normal avian cerebellum described that the strong AChE activity is detected in the molecular layer, and that some of the cerebellar cortex neurons are reactive [3, 4, 8, 18, 24] . In the chick, ACNE activity was observed ultrastructurally in the granule, basket and stellate cells, and the disappearance of AChE from the Purkinje and granule cells with age was described [3] . On the other hand, in the adult quail AChE is found in all Golgi cells, most stellate and basket cells and a variable number of Purkinje and granule cells [24] .
Differences in the distribution of AChE have been found not only between birds and mammals but also among avian species.
There is no report on the localization of AChE activity in the cere- the light microscope, it was difficult to elucidate the localization of ACNE in the cell organella. Ultrastructural localization of ACNE : Purkinje cells: AChE reaction products were localized in the cisternae of the nuclear envelope, rough endoplasmic reticulum (ER) and a part of the sacculus of the Golgi apparatus in the Purkinje cells (Fig. 3) .
No ACNE reaction products were found in the mitochondria, lysosomes, free ribosomes or the plasma membrane (Figs. 3, 4) . The positive AChE reaction was patchy in the nuclear envelope (Figs. 3, 4 , arrow).
ACNE activity was also patchy within the cisternae of the smooth ER and the rough ER (Fig. 4) . The former tended to be located in the peripheral cell soma and the dendrites, and the latter was localized around the cell nucleus and stacked into Nissl's substance (Fig. 3) . The reaction products of AChE were seen frequently in the cis-saccules and occasionally in the transsaccules of Golgi apparatus, distributed in a random fashion around the nucleus (Fig. 5) . The hypolemmal cisternae, appearing morphologically to be the smooth ER adjacent to the plasma membrane, were intensively reactive to this enzyme (Fig. 6, empty arrows) . In the initial, unmyelinated axon of the Purkinje cells, ACNE activity was found in the smooth ER and hypolemmal cisternae (Fig. 7) . Reaction products were found in neither the unmyelinated axolemma in the superficial granular layer nor the myelinated axolemma in the deeper one.
In the primary dendrite of the Purkinje cell, ACNE activity was observed in the cisternae of the dendritic smooth ER which was oriented principally along the longitudinal axis of the dendrite (Fig. 8) . Numerous ACNE positive hypolemmal cisternae were dispersed in the peripheral zone of the primary dendrite (Fig. 8, arrow) . On the other hand ACNE activity was present in neither the synaptic boutons of the basket cell axons nor the recurrent collateral axons of the Purkinje cells surrounding the perikaryon. Groups of neuroglial processes showing ACNE activity were scattered especially around the dendritic arborization of the Purkinje cells throughout the molecular layer (Fig. 8) .
ACNE reaction products were strongly localized in the terminal membrane of the neuroglial processes (Fig. 8 ).
Basket cells : In the molecular layer the poorly developed rough ER of the basket cell soma and, in places the nuclear envelope showed an obvious reaction for AChE (Fig. 9) . Neuropil formed by both the parallel fibers and the basket axons around the basket cell body were entirely free of the enzyme activity. However, groups of processes showing ACNE activity were found in places around the basket cells (Fig. 9) . The dendritic branches of the Golgi cell generally came in contact with the axons of the basket and stellate cells and the parallel fibers in the molecular layer [16] . Compared with the clearness of these axons the dendrites of the Golgi cells were characterized by the heavy staining of ACNE (Fig. 10) . Therefore, under the light microscope, AChEpositive neuronal structure in the molecular layer must correspond to dendrites of the Golgi cells.
Golgi neurons : These cells were characterized by medium size and extensive infolding of the nucleus in the granular layer (Fig. 11) . Cytochemical distribution of ACNE was found in the cisternae of the rough ER and nuclear envelope in the Golgi cells, but no reactions were observed in the plasma membrane (Fig.  11) . The localization of ACNE in the Golgi apparatus was patchy, even in the cis-saccule of the Golgi cell.
ACNE activity did not appear to be associated with any type of process in the neuropil around these somata (Fig. 11) .
Granule cells : The smallest neurons of the cerebellar cortex are granule cells which are densely packed in the granular layer. In the meager cytoplasm of the granule cells ACNE activity was sporadically localized in the cisternae of the nuclear envelope and the poorly developed rough ER (Fig. 12) . Many granule cell dendrites converged around the terminal bulb of a mossy fiber to form the cerebellar glomerulus.
The reaction product was not usually found in the presynaptic varicosity of the glomerulus (Fig. 13) , but some of them contained ACNE reaction products which were localized in the axoplasm of the afferent terminal (Fig. 14) . On the peripheral surface of the glomerulus, axons of Golgi cells came in contact with the granule cell dendrites and did not show any activity for AChE, but ACNE reaction products were detected in the synaptic spaces (Fig. 13 ). There were narrow intercellular spaces in the neuropil of both the molecular and granular layers.
A strong reaction for AChE was detected in these intercellular spaces between a varicosity of the mossy fiber and dendrites of the granule cells and among the dendritic terminals of the granule cell (Figs. 10, 13) . In contrast ACNE activity was absent in the axon terminals in these two layers.
No reaction produts were observed in any areas of the cerebellar cortex in the control sections, which were incubated with the staining solution that contained eserine sulfate, or when the substrate was excluded.
Discussion
This histo-and cytochemical study demonstrates that ACNE activity is localized in both the molecular and granular layers of the cerebellum in chickens.
The highest intensity of the reaction products of ACNE is found in the deeper part of the molecular layer which corroborates previous reports on the cerebellar cortex in pigeons [8] and quails [24] . In contrast it is reported that cytoplasmic ACNE activity is lacking in all cell types of normal adult chickens, but stellate cells with some cytoplasmic activity could be seen [3] , and that surprisingly most granule cells are devoid of AChE activity in the granular layer of quails [24] .
The strong ACNE activity was found in the cisternae of the rough ER in both Purkinje and Golgi cells. This fact is in accordance with the reports on neurons of the substantia nigra in rats and guinea pigs [10] and of the cerebellar cortex in quails [24] . ACNE activity in the basket and granule cells was weak, and sporadic in the cisternae of rough ER. This indicates that this enzyme is produced from the protein synthesizing system.
A positive ACNE reaction was found within the smooth ER in the dendrite of the cerebellar cortical neurons [24] as well as in the neurons of the substantia nigra [10] . It has been suggested that dendritic transport may play an important role in the distribution of ACNE [12] . This suggestion is in accord with the present study which showed that ACNE activity was localized in the smooth ER of the dendrites of the Purkinje cells. The present electron microscopic study has revealed that all the cell types in the chicken cerebellum can posses AChE activity within the nuclear envelope, to varying extents. This is proven by the previous study on chicks [3] . Only in quails, however, it is reported that ACNE activity was never present in the cisternae of the nuclear envelope of the Purkinje cells [24] . This may be due to species differences.
In organelles other than the rough ER and the nuclear envelope, ACNE activity was demonstrated in the saccules of the Golgi apparatus in the Purkinje cells in the present investigation.
However, in previous studies on the avian cerebellum [3, 24] the enzyme reaction was not detected in the Golgi saccules. This may be due to differences in methods [3] and species [24] between the previous and present studies.
Although the interpretation that differences in the staining method produce different results has also been suggested by Silver [20] ; this point remains unresolved.
It is said that mossy fibers serve as the afferent pathways carrying information to the cerebellum, and exert an excitatory action on many granule cell dendrites in the glomerulus [6, 16] . The distribution of ACNE in the glomerulus, especially in the mossy fibers, was not uniform in the present study. Some mossy fibers exhibited a little reaction product, whereas others in the vicinity showed no ACNE activity at all. This result is in accordance with that in rats [2] .
The ACNE-positive reaction in the glomerulus is a rather new observation in the chicken.
Cataldi et al. [3] reported that glomeruli were recognizable in chicks, but no ACNE activity was found associated with the synapses in the glomerulus. The synaptic clefts between a mossy fiber and dendrites of the granule cells in the glomerulus have ACNE activity in the quail [24] and in the chicken in this study, and have often been reported in mammals [1, 2, 23] . Even if the glomerulus shows ACNE activity, it does not necessarily signify cholinergic function [5] . Opinions are not yet uniform as to the function of the glomerulus.
In the present study ACNE activity was observed neither in the synaptic clefts between the Purkinje cell somata or the axon terminals of basket cells or the recurrent collateral axons of the Purkinje cell, nor in those between the basket somata or the parallel fibers. According to Altman and Das [1] the absence of ACNE activity in those synaptic clefts suggests that Purkinje, basket and granule cells are unlikely to be cholinergic neurons.
Moreover, a part of the intercellular spaces in both molecular and granular layers contained ACNE reaction products which could be released from any dendrites of the cerebellar cortical neurons.
Indeed, this speculation is supported by previous studies [12, 21] demonstrating that the smooth ER of dendrites in some types of neurons represent the final carrier of ACNE prior to its release.
If this speculation is true, it is probable that ACNE is derived from the postsynaptic fiber. However, it remains to be explained why ACNE is deposited in the intercellular space rather than the synaptic clefts.
It has been proposed that the presence of ACNE in the cell body of neurons cannot be regarded as an indicator of cholinergic function unless ACNE activity is also present in the axon and in the presynaptic terminals [19] . Thus, in this investigation, it appears that the Golgi cells are not cholinergic neurons as suggested by Shute and Lewis [19] .
In contrast, Altman and Das [1] concluded that the Golgi cells of the rat cerebellar cortex were cholinergic.
The present study demonstrates that the Purkinje, Golgi, basket, stellate and granule neurons of the chicken cerebellar cortex contain ACNE activity. However, ACNE is not considered an adequate marker for cholinergic neurons whereas choline acetyltransf erase is [7, 22] . The substantia nigra, the other noncholinergic neurons in the central nervous system, also possesses very strong ACNE activity.
Thus, it is necessary to determine whether ACNE in these non-cholinergic neurons has a function other than the hydrolysis of acetylcholine. From these considerations it seems likely that the heterozygous trembler gene in the crossbred trembler chicken has no effect on the ACh and/or the ACNE synthesizing system, and that ACNE is not a suitable marker for the cholinergic and/or the cholinoceptive nature of a given neuron in the chicken cerebellar cortex.
However, if there is an apparent difference in the localization of ACNE reaction products in certain neurons between the crossbred and the inbred trembler chickens, it is possible that ACNE in a given neuron may be a marker for a phase of the protein synthesizing system which is affected by certain gene defects. ACNE activity is observed in the synaptic cleft (triangle) between a mossy fiber terminal and dendrites of granule cells (d).
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